Introduction: The aim of the study was to compare serum concentration of soluble L-and P-selectins in women with ovarian cancer (OC) and healthy controls, and to investigate sL-and sP-selectin levels with regard to clinical and pathological parameters. Correlation analysis was used to measure the following: sL-and sPselectin concentration and Ca125; sP-selectin and platelet concentrations; and sL-selectin and serum leukocyte levels in women with OC.
Introduction
Ovarian cancer (OC), due to its hidden and/or atypical symptoms, and ineffective diagnostic and screening tools, is most commonly diagnosed in the advanced stages of the disease, when the five-year survival rate is 28% and 16% for stages III and IV, respectively. In contrast, the 5-year survival rate for stage I is approximately 80% [1] . Thus, it is vital to find new parameters and effective diagnostic methods to detect OC early because it might improve the prognosis and survival rates of the affected patients.
L-and P-selectins (CD62) belong to the family of calcium-dependent cell adhesion molecules that mediate the specific reaction between endothelial cells, leukocytes, and blood platelets [2] [3] [4] . L-selectin is present on the surface of all leukocyte types, and it partakes in the recruitment and rolling of leukocytes. P-selectin is found in the endothelium, as well as alpha granules and
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Weibel-Palade bodies of platelets after activation and degranulation. It mediates neutrophil and monocyte adhesion in inflammation and coagulation. Selectins may take two different forms: cytoplasmic membranebound and soluble, released into the circulation and found in body fluids [2] [3] [4] .
Studies on the role of L-and P-selectins in the biology of malignant neoplasms indicate that molecules may take part in the process of carcinogenesis mainly at the stage of distant metastases. The process of haematogenous metastases may depend on the interaction between tumour cells and thrombocytes. The ability of the circulating tumour cells to interact with platelets assures their survival in the circulation and may facilitate and promote the formation of metastatic foci [5] . Interactions of tumour cells with thrombocytes protect the tumour from the attacking phagocytes and enable tumour escape from immune surveillance. Additionally, as a result of degranulation, angiogenic and growth factors are released, and they might also stimulate the process of carcinogenesis. According to some authors, sP-selectin may be an indicator of platelet activation [5] . Also, studies point to the role of leukocytes in the formation of platelet or tumour embolisms, i.e. their role in the process of distant metastases. Leukocyte recruitment to metastatic sites depends of the activity of L-selectin, whose absence weakens the process of metastasis [6] . Elevated levels of soluble forms of P-and L-selectins have been demonstrated in sera of patients with various malignancies: colorectal and lung cancer, lymphoma, malignant melanoma, bladder cancer, multiple myeloma, breast cancer, and acute myeloid leukaemia [2] [3] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, to the best of our knowledge, the literature offers no reports on serum sL-and sP-selectin concentrations in women with OC.
Aim of the study
The aim of the study was to compare serum concentrations of soluble sL-and sP-selectins in women with OC vs. healthy controls, and to investigate sL-selectin and sP-selectin levels with regard to clinical and pathological parameters. Also, correlation analysis was used to measure the following: i) sL-and sP-selectin concentration and Ca125; ii) sP-selectin and platelet concentrations; and iii) sL-selectin and serum leukocyte levels in women with OC.
Patient characteristics and inclusion criteria
A total of 52 patients from the Clinic of Surgical, Endoscopic and Oncologic Gynaecology, Polish Mother's Memorial Hospital in Łódź, constituted the study population, including 29 women with OC and 23 controls with no malignancies.
The local Ethics Committee approved of the study (nr: 71/2012). Serum sL-and sP-selectin levels were measured in all subjects, followed by routine diagnostic tests: CBC and USG (both groups), and Ca125 (study group). All patients gave their informed consent to participate in the study. All subjects from the study group were treated in accordance with the oncological protocol. The exclusion criteria were: history of chemotherapy or radiotherapy due to malignant neoplasms, history of any malignancy, recurrent OC (the study included only patients with primary OC with no previous treatment), and hormonal therapy (contraceptives, HRT, etc.).
Immunoenzymatic analysis of serum sL-and sP-selectin concentration
In the morning, 5 ml of fasting blood samples were drawn into serum gel tubes and transported to the laboratory within one hour of collection. Next, the samples were centrifuged at 1500 × g for 10 min., and serum was gently separated and stored at -80ºC until used. The sL-and sP-selectin concentrations were tested with immunoenzymatic ELISA using commercially available kits (R&D): Human sL-Selectin Immunoassay (sensitivity: 0.3 ng/m), Human sP-Selectin Immunoassay (sensitivity: 0.5 ng/ml), according to the manufacturer's protocol. Absorbance was measured at 450 nm in an ELx 808 reader. The results are expressed as ng/ml.
Statistical analyses
Statistical analyses were carried out using the following tests:
• Statistical analysis was performed using STATISTICA 6.0, and a p-value < 0.05 was considered as statistically significant.
Results
Mean patient age in the group of women with OC was approximately 50 years. Mean BMI was 26.80 kg/m 2 . Twenty (68.97%) patients from the study group had normal menstruation and 9 (31.03%) were postmenopausal. There were 6 (20.69%) primiparas, 19 (65.52%) multiparas, and 4 (13.79%) nulliparas in the study group. BRCA 1 gene mutation was found in one patient (Table 1) .
No statistically significant differences were found with regard to basic patient characteristics (age, BMI, parity, menopausal status, and concomitant diseases) between the study group and controls ( Table 1) .
Out of 29 patients with OC, 16 (55.17%) were diagnosed with serous adenocarcinoma, three (10.34%) with undifferentiated adenocarcinoma, two (6.90%) with clear-cell adenocarcinoma, two (6.90%) with anaplastic carcinoma, two (6.90%) with mucinous adenocarcino-ma, and four (13.79%) with endometrioid adenocarcinoma ( Table 2 ). The tumour was well-differentiated (G1) in three (10.34%), moderately-differentiated (G2) in eight (27.59%), and poorly-differentiated (G3) in 18 (62.02%) women. As a result, three (10.34%) patients were diagnosed with stage I, 12 (41.38%) with stage III, and 14 (48.28%) with stage IV FIGO OC. No grade II FIGO cancer cases were found in the studied population (Table 2) .
Serum sL-and sP-selectin concentrations were statistically significantly higher in women with OC as compared to controls (Table 3) . Lower serum sL-selectin levels were detected in women with poorly-differentiated (G3) OC and advanced stages of the disease (FIGO III and IV), but the results were not statistically significant. No statistical significance was found between serum sP-selectin levels in the study group and histological tumour type and differentiation, disease stage, and sLand sP-selectins/Ca125 correlation (Tables 4-7) . A weak correlation between serum sP-selectin level and platelet count was observed in OC patients ( Table 7) . The results almost reached statistical significance. No statistically significant correlation between serum sL-selectin and leukocyte levels was detected in the study group (Table 7) .
Discussion
To the best of our knowledge, our study has been the first to evaluate serum sP-and sL-selectin levels in OC and to find a statistically significant relationship between OC patients and healthy controls. The literature offers a limited number of publications about the role of L-and P-selectins in the pathogenesis of OC. Also, the available reports analysed only the transmembrane forms of these molecules, the effect of pharmacologic agents on their expression, and the presence of their ligands. Thrombocytosis and thrombosis are common complications of malignant neoplasms, including OC [5, 18] . Studies on the role of platelets in the origin of OC metastases revealed that the ability of cancerous cells to activate platelets was related to increased expression of P-selectin as a result of thrombocyte degranulation [5, 18] . P-selectin overexpression was found to be higher in metastatic as compared to non-metastatic OC and normal ovarian surface epithelium [5] . According to the accumulated body of evidence, P-and L-selectins may bind to sulphatides present not only on the surface of granulocytes but also of the tumour cells [19, 20] . A positive correlation between high concentration of sulphatides and poor prognosis in ovarian and colorectal cancers was found [21] . Also, numerous malignancies, including OC, were proven to express CD24, a ligand for P-selectin. P-selectin binds to CD24 present on the surface of the tumour cells, causing tumour cell adhesion and, consequently, metastatic spread [22, 23] . CD24 shows no expression on normal ovarian surface epithelium, whereas cytoplasmic CD24 activity significantly correlates with poor prognosis in the affected women in cases of invasive forms of ovarian cancer [24, 25] . After platelet activation and degranulation, the expression of P-selectin on the surface thrombocytes is temporary, while its soluble form is released and may be detected in the serum. Elevated levels of sP-selectin in cancer patients are believed to be the sign of thrombocyte activation, resulting from their interaction with cancer cells, and might indirectly signal the induction of metastatic spread. Various authors suggest that evaluation of soluble P-selectin concentration is a better indicator of thrombocyte activation than the expression of its transmembrane form [9] . Therefore, we analysed the correlation between sP-selectin concentration and thrombocyte levels in patients with OC. A weak positive correlation between sP-selectin level and platelet count was detected. Our results almost reached statistical significance. Increased sP-selectin concentration was noted also in other malignant neoplasms [2, 3, [7] [8] [9] [10] [11] [12] . Moreover, a positive correlation between sP-selectin concentration and thrombocyte levels was also confirmed [7, 9] . Also, sP-selectin concentration was found to be an independent prognostic factor of disease recurrence and death in colorectal cancer [7] . Evaluation of the sP-selectin level is believed to be a sensitive marker of disease progression in patients with malignant melanoma [10] . Also, a correlation between serum sP-selectin and disease advancement as well as distant metastases was observed in patients with colorectal and lung cancers, lymphoma, and melanoma [7] [8] [9] [10] , which might confirm the hypothesis about the effect of the interaction between cancer-cells and thrombocytes in metastatic spread [9] .
In our study, we found no relationship between serum sP-selectin concentration in women with OC and either clinical and pathological parameters or Ca125 levels. Other authors, despite having detected elevated serum sP-selectin levels in patients with various malignancies (colorectal and bladder cancers), also failed to observe the existence of a correlation between sPselectin levels and clinical and pathological parameters [2] [3] . In our study, the lack of statistically significant differences with regard to the clinical and pathological parameters is probably connected with the small sample size. Further studies with larger samples might clarify the matter.
L-selectin not only takes part in the metastatic spread, participating in leukocyte recruitment to metastatic foci, but also, through activation of the inflammatory process, creates a favourable microenvironment for metastatic cells [26] . Various studies confirm that L-selectin promotes the survival of the tumour cells as soon as 12-24 hours after their migration into the circulation. Leukocytes that express L-selectin may assist tumour cells in their penetration of the endothelium and facilitate the metastatic spread [27] . Additionally, heparin was shown to block L-and P-selectin activity, impeding the process of distant metastases in malignant tumours, including OC [28, 29] .
The release of soluble L-selectin from the surface of the leukocytes is believed to be the regulatory mechanism of expression and function of its transmembrane form. As a result of the sL-selectin release, its expression on the surface of the leukocytes decreases. Consequently, the ability of neutrophil migration to the site of inflammatory process, and binding to the endothelium of microvessels of the lymph nodes, is significantly lowered. A release of soluble L-selectin from the surface of leukocytes regulates their activity, and modulates the inflammatory response [4] . Serum sL-selectin levels have rarely been investigated in patients with malignant tumours. The exact role of sL-selectin in the process of carcinogenesis remains to be fully elucidated.
The results of other authors who also detected increased serum sL-selectin concentrations in patients with various malignant neoplasms are consistent with our findings [11, [13] [14] [15] [16] [17] . Czygier et al. observed elevated serum sL-selectin levels in women with early-stage breast cancer (grade I and II) as compared to healthy controls [13] . However, the same authors found lowered serum concentrations of sL-selectin in subjects with advanced breast cancer (grade III and IV), and reported a further decrease after chemotherapy. They hypothesised that it resulted from a lower number of granulocytes and their deteriorated function caused by the advanced-stage tumour and chemotherapy [30] . Elevated serum sL-selectin levels were also observed in patients with acute myeloid and lymphoblastic leukaemia before treatment and during disease recurrence, as well as an increase in sL-selectin concentrations with tumour progression and a decrease in patients with remission [14, 17] . Interestingly, Czygier et al. found lower sL-selectin concentrations in patients with endometrial cancer and cervical cancer as compared to controls. These authors concluded it was the consequence of disrupted rolling of neutrophils [31] . However, it is a well-known fact that lowered expression of the transmembrane form and decreased ability of leukocytes to migrate are the results of sL-selectin release, so that explanation is not satisfactory.
In our study, we detected decreased concentrations of serum sL-selectin in women with poorly-differentiated OC (G3), and with advanced stages of the disease (FIGO III, IV), but the results were not statistically significant. Our findings might suggest that intensified release of sL-selectin from leukocyte surface occurs at the beginning of OC carcinogenesis, leading to lowered expression of its transmembrane form and hindered ability of neutrophils to migrate to the tumour site. Possibly, that is how the tumour escapes from immune surveillance and avoids destruction. Regardless, the tumour has the ability of modulating leukocyte properties, and WBC play a role in the process of metastases. Thus, it seems plausible that, together with disease progression, the degree of sL-selectin release is lowered to increase the expression of its transmembrane form and restore migration ability in leukocytes. In that way, leukocytes might promote tumour-cell survival, assist them in the process of penetrating the endothelial barrier, and facilitate metastatic spread. L-selectin expression on the surface of WBC, through activation of the inflammatory process, might create a favourable microenvironment for metastatic cells. That hypothesis might be supported by the findings of Czygier et al., who detected increased levels of serum sL-selectin in women with early-stage breast cancer and decreased levels of serum sL-selectin in subjects with advanced stages of the disease (grade III and IV) [13, 30] . However, further studies with a large sample size are necessary. In our study, lack of statistical significance was most probably the result of a small sample size.
In our study, no statistically significant correlation between serum sL-selectin in women with OC and leukocyte levels was found. It might indicate that the amount of soluble sL-selectin depends on the expression intensity of its transmembrane form, rather that WBC count, especially that the process of releasing sLselectin constitutes a regulatory mechanism of its activity on leukocytes [4] .
Conclusions
The analysis of soluble L-and P-selectin concentrations may be a useful tool in OC diagnosis. Evaluation of soluble P-selectin concentration could be a good indicator of thrombocyte activation in cancer progression. The levels of sL-selectin decrease with disease progression.
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